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Abstract. Polycyclic aromatic hydrocarbons (PAHs) are organic compounds widely distributed in
the environment. In the present work, concentrations of these organic compounds in sludge
samples from Cluj-Napoca wastewater treatment plant are reported. The objective was to
investigate PAHs in sludge from wastewater treatment plant and to assess their potential for land
application. Primary sludge, fermented sludge, fermented concentrated sludge, anaerobic-digested
dehydrated sludge and rejection water samples were collected monthly from December 2012.
Ultrasonic assisted extraction with hexane was used, being followed by filtration and concentration
to dryness in a rotary evaporator; the obtained residue was redisolved in acetonitrile. High
performance liquid chromatographic analysis was achieved using an Agilent 1100 system
consisting in a solvent degasser, a quaternary pumping system, an autosampler, a column oven, a
diode-array detector and a fluorescence detector. Separations were accomplished using an
Envirosep PP column with acetonitrile:water as mobile phase (45:55 v/v). Detection limit was
0.001 g/ kg, with good linearities for all PAHs, with correlation coefficients higher than 0.998.
PAHs with four rings appeared to be the primary components in most of the tested sludge samples,
the highest concentration levels being in anaerobic-digested dehydrated sludge samples. The
obtained results can be helpful for the regional policy makers to make proper decisions on treating
the increasing amount of sewage sludge, to provide practical reference for establishing threshold
values of PAHs for land application of sludge, knowing that the practice of recycling sewage
sludge onto agricultural lands poses an additional risk of soil contamination with PAHs.
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INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are organic compounds widely
distributed in the environment. They are highly hydrophobic, with a low water solubility
and biodegradability and tend to be adsorbed onto sludge particles; because of their big
adsorption capacity on solid particles, these compounds are almost completely removed
from wastewater, being concentrated in the sludge resulted from wastewater treatment
plants.
The general effect of wastewater treatment processes is to concentrate the organic
pollutants in the sewage sludge; the overall result of this process is a treated wastewater
relatively free of organic and inorganic contaminants and a sewage sludge that contains
most of the organic contamination present in the feed wastewater. Sewage sludge is the
product resulting from the sedimentation of the suspended solids during the wastewater
treatment and usually contains significant concentrations of many classes of organic
contaminants (Aparicio et al. 2009; Cai et al. 2007; Martinez et al. 2007). PAHs may enter
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a wastewater treatment plant either as part of an industrial discharge, or as a component of
domestic effluent drainage into the sewerage system and urban runoff, including fossil fuel
spillages and atmospheric deposition. Due to their hydrophobicity, PAHs enter the
wastewater treatment systems adsorbed onto particulate organic matter (Blanchard et al.
2004; Manoli and Samara, 2008).
The wastewater treatment plant in Cluj Napoca was designed for an average flow
of 2170 L/s, maximum flow during dry pickup in the rain being of 5000 L/s. The
technological process in wastewater treatment plant Cluj is composed of several phases:
screening, sand and grease-removal, primary settling, biological treatment and final
settling. The sludge treatment involves collecting and thickening of primary sludge,
collection and thickening of excess sludge, anaerobic sludge thickening, digested sludge
thickening, sludge dewatering and storage. The resulted sludge from can be utilized for the
production of biogas by fermentation, in agriculture or forestry, or it can be burnt in
incinerators or cement factories.
In the present work, the concentrations of PAHs in sludge samples from Cluj-
Napoca wastewater treatment plant are reported. The objective was to investigate PAHs in
sludge from wastewater treatment plant and to assess their potential for land application,
taking into account its hazard (Smith, 2000).
MATERIAL AND METHOD
Primary sludge, fermented sludge, fermented concentrated sludge, anaerobic-
digested dehydrated sludge and rejection water samples were collected monthly from
December 2012. Ultrasonic assisted extraction with hexane was used, being followed by
filtration and concentration to dryness in a rotary evaporator; the obtained residues were
redisolved in acetonitrile. High performance liquid chromatographic analysis was achieved
using an Agilent 1100 system consisting in a solvent degasser, a quaternary pumping
system, an autosampler, a column oven, a diode-array detector and a fluorescence detector.
Separations were accomplished using an Envirosep PP column with acetonitrile:water as
mobile phase (45:55 v/v). Detection limit was 0.001 g/ kg, with good linearities for all
PAHs, with correlation coefficients higher than 0.998.
RESULTS AND DISCUSSIONS
The obtained values are shown in Tab.1, indicating 13 PAHs; chrysene was not
detected in the studied samples, while benzo(k)fluoranthene was present only in the
primary sludge. The PAHs concentrations ranged from 0.001 g/kg for
benzo(k)fluoranthene to 0.575 g/kg for naphthalene in the case of primary sludge. For the
digested dehydrated sludge, the PAHs range was smaller, from 0.001 g/kg for
benzo(a)pyrene to 0.409 g/kg for naphthalene. The range was even smaller for rejection
water, from 0.001 g/kg for benzo(a)pyrene to 0.096 g/kg for phenanthrene
These compounds arises from urban runoff and air pollution due to combustion for
heating and transportation purposes as well as other combustion processes such as food
preparation which has a big contribution regarding the PAHs content in wastewater.
The results of this study can be helpful for the regional policy makers to make
proper decisions on treating the increasing amount of sewage sludge, to provide practical
reference for establishing threshold values of PAHs for land application of sludge,
knowing that the practice of recycling sewage sludge directly or after composting, onto
agricultural lands, poses an additional risk of soil contamination with PAHs.
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Tab.1.
Mean values of PAHs’concentrations recorded in 2013 [g/ kg]
PAHs Primary sludge Digested dehydrated sludge Rejection water
Naphtalene 0.575 0.409 Not detected
Acenaphtene 0.004 0.007 0.016
Fluorene 0.022 0.026 0.047
Phenanthrene 0.070 0.060 0.096
Anthracene 0.005 0.004 0.007
Pyrene 0.024 Not detected 0.008
Benz(a)anthracene 0.009 0.004 0.005
Chrysene Not detected Not detected Not detected
Benzo(b)fluoranthene 0.005 0.002 0.004
Benzo(k)fluoranthene 0.001 Not detected Not detected
Benzo(a)pyrene 0.003 0.001 0.001
Dibenzo(a,h,anthracene 0.009 0.003 0.004
Benzo(g,h,i)perylene 0.032 0.023 0.040
Indeno(1,2,3-c,d)pyrene 0.022 Not detected Not detected
CONCLUSION
The obtained results show the need for several technological changes in the sludge
management to reduce the concentration of these organic pollutants to levels that allow
land application of sewage sludge according to the future European Directive. Due to its
hygienic instability and immaturity of PAHs, sludge should not be introduced into the soil
environment directly. Composting is a preferred strategy of utilizing the sewage treatment
byproduct.
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